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(54) Print inspecting device 

(57) A print inspecting device compris- 
es optical detecting means 120 with a 
plurality of light emitting and receiving 
(as 12011, 12012) units for obtaining 
image data from the entire pattern area 
on a print and a spectral characteristic 
inspecting circuit for processing pairs of 
detection signals as Sill, SI12. It in- 
cludes density level inspecting circuits 
for differential and integral signals and 
memories in 300 and 500 for storing 
these signals and means for comparing 
present values with the stored values. 
The light emitting and receiving units 
are in one unit and in a straight line 
perpendicular to the print movement 
and obtain multichannel image data in 
picture elements longer in the width- 
wise direction. 
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SPECIFICATION 

Print inspecting device 

5 This invention relates to a device for inspecting the 
quality of prints in a sheet-feed press, a rotary press 
anda rewinder. 

A variety of print inspecting devices have been 
proposed in the art. In one of these conventional 

10 devices, tone marks or color patches printed in the 
marginal portions of prints have been inspected to 
determine the acceptability of the prints. But in the 
conventional device, the defective portions {such as 
for instance partially unsatisfactory tones) dis- 

15 appearing in the tone marks or color patches could 
not be detected, and it is necessary to provide the 
marginal portions for prints, in which the marks or 
patches should be printed. 
Furthermore, the devices in which data have been 

20 obtained from a printed pattern have been also 
known in the art. In one of the devices, one sensor is 
used to input the data of the entire area of a pattern 
printed. In another device, the print area is scanned 
with a minute spot. But the former device could not 

25 detect a large area print with high accuracy, 

although it was effective in inspecting a small area 
print such as a brochure. The latter device has taken 
a lot of time to achieve the data input so that it could 
not inspect a large area print at high rate. 

30 Furthermore, a comparison system in which a 
reference data is compared with the next surface 
data to determine the print acceptability, and a 
comparison system in which a reference data is 
compared with the previous inspection data, are 

35 known In the art. 

However, the former system could not inspect an 
only-one-image, that is, it cannot be applied to all 
kinds of prints, and therefore the adjustment was 
troublesome when the group of print is changed. 

40 The latter system could detect positively the defec- 
tive portions (such as stains due to dropped oil) 
appearing suddenly in prints, but it could not detect 
moderate tone change lasting for a long time. 
The above-described difficulties accompanying a 

45 conventional print inspecting device or system may 
be eliminated using a print inspecting device or a 
detecting head of the present invention as described 
below and defined in the appended claims. 
In. the accompanying drawings: 

50 Figure 1 is an explanatory diagram outlining a 
printing machine to which the technical concept of 
this invention is applicable; 

Figure 2 Is also an explanatory diagram showing 
the arrangement of an optical detecting device 

55 employed in the invention; 

Figure 3 Is a diagram for a description of the 
relation between the scanning of a print and the light 
beam spots of a detecting head; 
Figure 4 Is an explanatory diagram showing the 

60 arrangementof one example of a light emitting and 
receiving unit in the optical detecting device; 

Figure 5 is an explanatory diagram showing the 
path of light in a light receiving unit in the light 
emitting and receiving unit shown in Figure 4; 

65 Figure 6 is a graphical representation indicating 



the characteristic curves of a two-element type 
photoelectric converter employed in the invention; 

Figure 7 is a block diagram showing one example 
of a processing circuit according to the invention; 
70 Figure 5 is a block diagram showing the arrange- 
ment of one example of a differentiation process 
detection circuit in the invention; 

Figure 9 is a block diagram showing the arrange- 
ment of one example of an integration process 
75 detection circuit in the invention; and 

Figure 10 is a diagram for a description of the 
relation between divided input regions and an 
integration operation. 
Referring to the drawings. Figure 1 shows a final 
80 printing unit and a sheet taking-off section in a sheet 
printing machine or a sheet-feed press to which the 
technical concept of this invention is applicable. As 
shown in Figure 1, a sheet 1 passes between a 
delivery cylinder 2 and an impression cylinder 3 and 
85 then between the impression cylinder 3 and a 
blanket cylinder 4 which is operated in association 
with a plate cylinder 5, so that the sheet 1 is printed. 
The sheet 1 thus printed is delivered to a taking-off 
cylinder 1 1 , and is then loaded, by means of loading 
90 pawls (not shown), on a conveying chain 14 which is 
laid over the taking-off cylinder 1 1 and sprockets 1 2 
and 13. The sheet {or print) 1 thus loaded is 
conveyed towards the sprocket 12. When the sheet 1 
reaches a delivery position 15, the loading pawls are 
95 released to drop the sheet 1 , as a result of which the 
sheet 1 is stacked as a delivered sheet 16. According 
to the invention, a multi-channel system optical 
detecting device 100 for inputting image data from 
the surface of the print 1 which is placed on the 

100 rotating impression cylinder 3 is provided, and a 
rotary encoder 200 is also provided so that it 
operates in association with the blanket cylinder 4. 
Furthermore, a processing circuit 300 is provided 
according to the invention, which operates to pro- 

105 cess a detection signal SI outputted by the optical 
detecting device 100 and an encoder signal ES 
outputted by the rotary encoder 200, and to output 
an error signal ER when a printed sheet is detected 
unsatisfactory as a result of the decision which is 

1 1 0 made to determine whether or not the print is 
satisfactory in quality. 

The optical detecting device 100, as shown in 
Figure 2, comprises a plurality of light emitting and 
receiving unit 1011, 1012, 1013, ...and lOln {general- 

115 ly designated by reference numeral lODforming/? 
channels {or a multichannel system). These units 
1011 through 101 n are arranged in one straight line 
along the axis of the impression cylinder 3. The 
illumination regions 1021, 1022, 1023, ... and 102n of 

120 the light emitting and receiving units 1011 through 
101 n are circular; however, they appear as elon- 
gated light spots about 1 to 5 mm in width in the 
direction of movement of the print and about 40 to 
60 mm in length when detected. That is, the 

125 illumination regions 1021 through 102n are arranged 
as if they were an axial ly extended straight line 
formed with the elongated light spot, so that the data 
of the entire surface of the print 1 can be inputted in 
division manner {i.e. the entire surface can be 

130 scanned with the light spots). The size of the light 
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spot can be determined as desired according to the 
size of a print and the contents of an image. 

The rotary encoder 200 is mounted on the rotary 
shaft 31 of the impression cylinder 3 through a gear 
5 mechanism so that the rotary encoder 200 is rotated 
at a predetermined speed. 

Figure 3 shows the positional relationships be- 
tween the illumination regions 102 of the light 
emitting and receiving units 101 and the print 1 

10 spread flat. As is apparentfrom Figure 3, the image 
data of the entire surface of the print 1 are optically 
inputted in division manner as the print 1 is moved. 
IVIore specifically, the image data are inputted by 
intermittently carrying out the input operations of 

15 the light emitting and receiving units 1011 through 
1 01 n in synchronization with the conveyance of the 
print 1. Accordingly, a print area corresponding to 
one revolution of the plate is optically divided into a 
number of smaller areas each being equal to the 

20 area of the elongated light spot Thus, each light spot 
provides the data of one picture element. 

The arrangement of each of the light emitting and 
receiving units 101 forming the optical detecting 
device 100 as shown in Figure 4. A light emitting unit 

25 110 for emitting light and a light receiving unit 120 
for receiving light from the print 1 to convert the light 
into electrical data are provided in a housing 103. 
The housings 103 of the light emitting and receiving 
units 101 are connected together by inserting a 

30 mounting bar into holes 104 formed in the housings 
103, thus forming the above-described optical de- 
tecting device 100 covering all the channels 1 
through /?. 

The light emitting unit 1 10 has a cylindrical pipe 

35 111 open at one end. A lamp 112 such as a halogen 
lamp or a tungsten lamp) is provided as a light 
source in the pipe 1 1 1 at the other end. A pair of 
condenser lenses 113 are disposed in front of the 
light source 1 1 2 in the pipe 111, and a pair of 

40 projection lenses 114 is provided at the light emis- 
sion output section of the pipe 1 1 1 . Light from the 
light emitting unit 1 1 0, after being reflected by a 
reflection mirror 105 on the bottom of the housing 
103, is applied through a light emitting slit 106 to the 

45 print 1 on the impression cylinder 3 which is being 
rotated, in such a manner that the light forms a 
predetermined angle with the print 1 . Light from the 
print 1 is applied through a light receiving slit 1 07 to 
the light receiving unit 120. The light receiving unit 

50 120, as shown in Figure 4, comprises: a condenser 
lens 121 for condensing incident light; a slit 122 for 
intercepting the light condensed by the condenser 
lens 121 into one rectantular in section; a cylinder 
lens 123 for condensing the light from the si it 122 

55 into a spot light or a circular light; and a photoelec- 
tric converter 124 consisting of a pair of light 
receiving elements for providing an electrical signal 
in response to the quantity of light from the cylinder 
lens 1 23. The photoelectric converter 1 24 may be the 

60 color sensor {manufactured by Sharp Co., In Japan) 
which is one chip made up of two photo-diodes 
different in sensitivity, or two sensors different in 
sensitivity which are arranged on the light conde- 
nsing plane. 

65 In the light receiving unit 120, the light advances 



as illustrated in Figure 5. The output signal of the 
photo-electric converter 1 24 is applied to an ampli- 
fier 108, where it is amplified and outputted as a 
detection signal SI. The photo-electric converter 124 
70 is made up of two light receiving elements {such as 
silicon photo-diodes) as described above. The sensi- 
tivity characteristics of the two light receiving ele- 
ments are different by about 1 00 nm in pealc value, 
with respect to optical wavelength, as indicated by I 
75 and II In Figure 6, so that the spectral characteristics 
of the print can be obtained. 

Now, the arrangement of the processing circuit 
300 which processes the detection signal SI output- 
ted by the optical detecting device 100 and the 
80 encoder signal ES provided by the rotary encoder 
200, will be described. 

Figure 7 shows one example of the arrangement 
of the processing circuit 300. However, it should be 
noted that, for the salce of clarity and simplification in 
85 description, the light receiving units 120 and the 
relevant circuits illustrated in Figure 7 are only for 
two channels CHI and CH2, 

In the light receiving unit 1201 of the channel CHI, 
the output of a first light receiving element 1 201 1 is 
90 provided through an amplifier 1 081 1 as a detection 
signal Sill, which is applied to a differentiation 
process detection circuit 4001 {400) and an integra- 
tion process detection circuit 500, and to a divider 
3021 in the channel CHI through a buffer circuit 
95 30111. On the other hand, the detection signal SI12 
which is outputted through an amplifier 10812 by a 
second light receiving element 12012 is applied to 
the differentiation process detection circuit 
4001 {400) and the integration process detection 

100 circuit 500, and to the divider 3021 of the channel 
CHI through a buffer circuit 30112. The output 
detection signal SI21 of a first light receiving element 
12021 In the light receiving unit 120 of the channel 
CH2 is similarly applied to a differentiation process 

105 detection circuit 4002 and the integration process 
detection circuit 500, and to a divider 3022 through a 
buffer circuit 301 21 . The output detection signal SI22 
of a second light receiving element 12022 is also 
applied to the differentiation process detection cir- 

110 cu it 4002 and the Integration process detection 

circuit 500, and to the divider 3002 through a buffer 
circuit 30122. The above-described operation is 
similarly carried out for the remaining light receiving 
units 120 of the channels CH3, CH4, ... and CHn. The 

1 1 5 division outputs of the dividers 3021 , 3022, ... 302n, 
after being integrated by integrators 3031 , 3032, ... 
303n respectively, are applied to a multiplexer 304. 
The division outputs thus applied are selectively 
outputted by the multiplexer 304 with the aid of a 

120 timing pulse TP provided by a timing pulse generat- 
ing circuit 201 which processes the rotary encoder 
signal ES. The output of the multiplexer 304 Is 
applied as an integration signal IG to an analog-to- 
digltal {A-D) converter 305, which it Is converted into 

125 a digital data DM. The digital data DM Is applied 
through a switch circuit {such as a data selector) 306 
to a comparison circuit 307 and a total data proces- 
sing circuit 308. The A-D conversion completion in 
the A-D converter 305 is detected from the strobe 

130 signal orthe lilceof the A-D converter 305 by an 
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integrator resetting circuit 321 , whereby the integra- 
tors 303 are reset and a memory 310 applies the 
relevant standard data SD1 to the comparison circuit 
307. In the comparison circuit 307, the difference 
5 dgta SB1 between the detection {or inspection) data 
DM of this time and the relevant standard data SD1 
which has been stored in advance is obtained. The 
difference data SB1 is supplied to a window compa- 
rator 314. In the window comparator 314, the upper 

10 limit value UV1 and the lower limit value LV1 for 
determining threshold values have been preset. 
When the difference data SB1 exceeds the threshold 
values, the window comparator 314 sets a flip-flop 
circuit 31 3, so that the latter 31 3 outputs an error 

15 signal ER1. 

On the other hand, after all the picture elements 
have been inspected, an address controller 309 
controls the memory 31 0 so that a standard total 
data STD1 is applied to a total data comparison 

20 circuit 313. In the comparison circuit 31 3, the differ- 
ence data SB2 between the standard total data STD1 
and the total data of this time which is provided by 
the total data processing circuit 308 is obtained, and 
it is then subjected to decision in a window compara- 

25 tor 314. When the difference data SB2 exceeds the 
preset threshold values UV2 and LV2, the window 
comparator sets a flip-flop circuit 315, so that the 
latter 315 outputs an error signal ER2. The above- 
described total data processing and comparison are 

30 accomplished before the next print to be inspected 
reaches the detecting device. The flip-flop circuits 
31 2 and 31 5 are reset by reset signals which are 
provided separately. 
All the differentiation process detection circuits 

35 4001 , 4002, ... 400n are identical in arrangement. One 
example of the arrangement of the differentiation 
process detection circuit will be described with 
reference to Figure 8. 
For instance, the detection signal Sill, through the 

40 amplifier 10811, of the first light receiving unit 12011 
of the channel CHI is applied to a differentiation 
circuit 401 , which it is subjected to differentiation, as 
a result of which a differentiation signal DS is 
outputted by the differentiation circuit 401 . The 

45 differentiation signal DS is applied to three compara- 
tors 402, 403 and 404, which have threshold setting 
units 405, 406 and 407, respectively. The outputs of 
the comparators 402, 403 and 404 are applied to 
monostable multivibrators 408, 409 and 410, where 

50 they are subjected to waveform shaping, respective- 
ly. The output differentiation data signals DF1 , DF2 
and DF3 of the multivibrators 408, 409 and 410 are 
applied to gate circuits 41 1 , 41 2 and 41 3, respective- 
ly, and to an address controller 414. The outputs of 

55 the gate circuits 411 through 413 are supplied to the 
set terminals of flip-flop circuits 415, 416 and 417, 
and error signals ER3, ER4 and ER5 are provided at 
the set output terminals Q of the flip-flop circuits 415, 
416 and 417, respectively. 

60 On the other hand, the encoder signal ES from the 
rotary encoder 200 is counted by a counter 202. The 
count value CV of the counter 202, which is represen- 
tative of a position data, is applied through a switch 
circuit 402 to a memory 421 , where it is stored 

65 according to an address signal AR2 from the address 



controller 414. The memory 421 supplies memory 
position data IVIPI, MP2 and MP3 corresponding to 
the set level systems of the aforementioned compa- 
rators 402, 403 and 404 to comparison circuits 422, 

70 423 and 424. When the data MP1 , MP2 and MP3 
coincide with the count value CV of the counter 202 
which Is supplied through the switch circuit 420, the 
comparison circuits 402, 403 and 404 output coinci- 
dence signals CD1, CD2 and CD3, respectively. These 

75 coincidence signals CD1 , CD2 and CD3 are subjected 
to waveform shaping in monostable multivibrators 
425, 426 and 427 and are then applied to the gate 
circuits 41 1 , 41 2 and 41 3, respectively. When all the 
picture elements have been inspected, the memory 

80 421 supplies a standard total data PTD2 to a total 
data comparison circuit 430, which it is compared 
with the total data of this time. When the difference 
between the two data exceeds the predetermined 
upper and lower limit values UVIOand LV10, it is 

85 determined that the print is unsatisfactory, and a 
flip-flop circuit 432 outputs an error signal ER6. 

The set values of the setting units 405, 406 and 407 
are different from one another. It is assumed that the 
setting units 405, 406 and 407 set IV, 2V and 3V. 

90 Then, if the differentiation signal DS is 2.5V, the 
differentiation data signals DF1 and DF2 are output- 
ted. If the differentiation signal DS is 3.5V, then the 
differentiation data signals DF1, DF2 and DF3 are 
outputted. If the signal DS is 0.5V, then none of the 

95 differentiation data signals DF1 through DF3 are 
outputted. 

The flip-flop circuits 415 through 417 and 432 are 
reset by reset signals which are provided separately. 
One exa mpleofthearrangementofthei nteg ra- 

100 tion process detection circuit 500 will be described 
with reference to Figure 9. The detection signals SI12 
through Sln2 from the channels CHI through CHn 
are integrated in integrators 5011, 5012, ... and 501 n 
(501), respectively, and are applied to a multiplexer 

105 502. The detection signals thus applied are selective- 
ly outputted by the multiplexer 502 with the aid of 
the timing pulse TP provided by the timing pulse 
generating circuit 201 . Thus, the output of the 
multiplexer 502 is applied as an integration signal IN 

110 to an A-D (analog-to-digital) converter 503, where it 
is converted into a digital integration data signal IT. 
The integration data signal IT is applied to a 
comparison circuit 505 through a switch circuit 504, 
and to a total data processing circuit 506. The 

1 1 5 standard data SD2 which is stored in a memory 508 
is supplied to the comparison circuit 505, where It Is 
compared with the integration data signal IT. The 
difference data SB2 between the standard data SD2 
and the integration data signal IT is applied to a 

120 window comparator 510. When the difference data 
SB2 exceeds the upper limit value UV2 and the lower 
limit value LV2, a flip-flop circuit 51 1 is set, and its set 
output is provided as an error signal ER7. 
On the other hand, when all the picture elements 

125 have been inspected, the memory 508 outputs a 
standard total data STD3, which is compared with 
the total data of this time which is provided by the 
total data processing circuit 506, in the comparison 
circuit 505. When the difference between the two 

130 total data exceeds the predetermined reference 
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values UV20 and LV20, it is determined that the print 
Is unsatisfactory, and a flip-flop circuit 514 outputs 
an error signal ER8. Similarly as in the above- 
described cases, the flip-flop circuits 51 1 and 514 are 
5 reset by the reset signal RS which Is provided 
separately. 

When the Inspection of the print is started, the 
lamps 1 12 in the optical detecting device 100 are 
turned on, and the counters, flip-flop circuits, etc. in 

10 the processing circuit 300 are reset. Then, the levels 
of the setting units 405 through 407 in the differentia- 
tion process detection circuits 4001, 4002, ... are set 
to suitable values, and the armatures of the switch 
circuits 306, 31 6, 420, 433, 504 and 51 5 are tripped to 

15 their contacts a by the operator, respectively, to 
obtain the standard data. 

When all the preparatory operations have been 
achieved as described above, first the operation of 
obtaining the standard (reference) data is carried 

20 out. More specifically, the print 1 which Is used for 
detecting and storing the standard data Is delivered 
to the final printing unit shown in Figure I.The print 
1 reaches the detection section of the optical detect- 
ing device 100, after passing between the roller 2 

25 and the impression cylinder 3 and between the 
impression cylinder 3 and the blanket cylinder 4. In 
this detection section, as shown in Figures 2 and 3 
the spot light 1 02 is projected in the form of an 
axially extended straight line. Accordingly, as the 

30 impression cylinder 3 is rotated, the Image data of 
the entire area of the print 1 are inputted in division 
manner by the light emitting and receiving units 
1011 through 101 n; that is, the image data of each 
picture element is inputted. In this operation, as 

35 shown in Figure 4, the parallel rays from the light 
emitting unit 1 10 in each light emitting and receiving 
unit 101, after being reflected by the plane mirror 
105, is applied through the light emitting slit 1 06 to 
the print 1 . The light reflected from the print 1 is 

40 applied through the slit 107 and the light receiving 
unit 120 to the photo-electric converter 124. The 
photoelectric converter 124 is made up of one pair of 
light receiving elements different in spectral sensitiv- 
ity characteristic, as described before. For instance, 

45 in the case of the channel CHI , as was described 
before with reference to Figures 7 through 9, the 
detection signal SI11 of the light receiving element 

1201 1 is applied to the differentiation process detec- 
tion circuit 4001 and the integration process detec- 

50 tion circuit 500, and to the buffer circuit 301 11, while 
the detection signal SI12 of the light receiving 
element 12012 is applied to the differentiation 
process detection circuit 4001 and the integration 
process detection circuit 500, and to the buffer circuit 

55 30112. Sincethelight receiving elements12011 and 

1 201 2 in the photoelectric converter 1 24 are different 
in sensitivity characteristic, and the values of the 
output detection signals SI1 1 and SI1 2 are also 
different. The degree of the difference between the 

60 values is obtained by the divider 3021 . The output of 
the divider 3021 is integrated by the integrator 301 
and is then applied to the multiplexer 304. The same 
operation is carried out for the remaining channels 
CH2 through CHn. The output integration values of 

65 the integrators 303 in all the channels are applied to 



the multiplexer 304. On all the integration values, 
one is selected and outputted by the multiplexer 304 
with the aid of the timing pulse TP provided by the 
timing pulse generating circuit 201 . This selecting 
70 operation will be described with reference to Figure 
10. 

In Figure 10, reference character MA designates a 
picture element indicating a region of the print 1, 
which correspond to a unitary division region in 
75 each channel provided by the spot light 102, and 
reference character MB designates an integration 
region consisting often (10) picture elements MA. In 
Figure 10, the number of picture elements MA 
forming one integration region is ten (10); however, 
80 it may be determined suitably according to the size 
of a print and the contents of an image. 

The timing pulse generating circuit 201 generates 
the timing pulse TP (TP1 , TP2, TP3 and so forth) 
whenever the boundary of the picture element MA 
85 occurs. In response to the timing pulses TP1,TP2, ... 
thus outputted, the multiplexer 304 is switched 
successively to select the integration signals IG of 
the integrators 3031, 3032, 3033, ... (303), and the 
integration signals IG thus selected are applied to 
90 the A-D converter 305 successively, where they are 
converted into the digital Integration signals. The 
digital integration signals are applied through the 
contact a of the switch circuit 306 to the memory 310, 
where they are stored. At the same time, the A-D 
95 converter strobe signals for resetting the integrators 
are applied to the integrator resetting circuit 321. The 
memory 310 is so designed as to store the signals 
according to the address signals AR1 from the 
address controller 309 which is controlled by the 

100 timing pulse TP. The integrator resetting circuit 321 
resets the relevant integrators 303 upon detection of 
the completion of the analog-to-digital conversion. 
For instance, when an integrator 303 has integrated 
the data often picture elements, the integrator 

1 05 resetting circuit 321 resets the integrator 303. Thus, 
the Integrations values for the standard data have 
been stored in the memory 310, and are outputted, 
as the standard data SD1, to the comparison circuit 
307 later during the inspection period. In the total 

110 data processing circuit 308, the total data such as for 
instance correlation data are obtained. The total data 
are applied through the contact a of the switch circuit 
31 6 to the memory 31 0, where the total data are 
stored as the standard total data, and are apph'ed, as 

115 the standard total data STD1 , to the total comparison 
circuit 313 later during the inspection period. 

The standard data storing operation of the dif- 
ferentiation detection circuit 400 will be described 
with reference to Figure 8. 

120 The output detection signal Sill ofthelight 
receiving element 1201 1 in the light receiving unit 
1201 (120) is supplied to the differentiation circuit 
401, the differentiation signal DS of which is applied 
to the first input terminals of the comparators 402, 

1 25 403 and 404. The different set values of the setting 
units 405, 406 and 407 are applied to the second 
input terminals of the comparators. When the dif- 
ferentiation signal DS exceeds the thresholds of the 
set values, the comparators 402 through 404 outputs 

130 the pulse signals, which are applied to the monost- 
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able multivibrators 408, 409 and 410, respectively. 
The pulse signals thus applied are subjected to 
waveform shaping in the monostable vibrators, and 
are outputted as the differentiation data signals DF1, 
5 DF2 and DF3, respectively. These signals DPI , DF2 
and DF3 are applied to the gate circuits 411 , 41 2 and 
413, and to the address controller 414. As a result, 
the address controller 41 4 outputs the address signal 
AR2. In response to the address signal AR2, the 

10 count value CV of the counter 202 is applied through 
the contact a of the switch circuit 420 to the memory 
421, where it is stored. Thus, the position data {the 
count value CV) for the standard data have been 
stored in the memory, and are outputted as the 

15 memory position data MP1 through MP3to the 
comparison circuits 422 through 424 later during the 
inspection period. On the other hand, the total data 
such as for instance correlation data are obtained 
from the position data (CV) of the differentiation 

20 outputs in the total data processing circuit 434. The 
total data thus obtained are applied through the 
contact a of the switch circuit 433 to the memory 421 , 
where the data are stored as the standard total data. 
The standard total data thus stored are applied, as 

25 the standard total data STD2, to the total data 
comparison circuit 430 later during the inspection 
period. 

The standard data storing operation in the Integra- 
tion process detection circuit 500 will be described 

30 with reference to Figure 9. 

The output detection signals SI12 through Sln2 of 
the light receiving units 120 of the channels are 
supplied to the integrators 501 1 through 501 n, and 
the integration signals are applied to the multiplexer 

35 502. The outputs of the multiplexer 502 are succes- 
sively selected with the aid of the timing pulses TP 
{TP1 , TP2, ...), and the selected output, or the 
integration signal IN is inputted to the A-D converter 
503, where It Is converted into the digital integration 

40 signal IT representative of the density characteristic. 
The Integration signal IT is applied to the memory 
508 through the contact a of the switch circuit 504 so 
that it is stored in the memory 508, while the A-D 
converter strobe signal for resetting the relevant 

45 integrator is applied to the integrator resetting circuit 
509? The storing of the integration signal in the 
memory 508 is carried out according to the address 
signal AR3 from the address controller 507 which Is 
controlled by the timing pulse TP. Upon detection of 

50 the completion of the A-D conversion, the integrator 
resetting circuit 509 resets the relevant integrator 
501 . When the integrator 501 has integrated, for 
Instance, the data often picture elements, the 
Integrator outputs Its contents and is then resetted. 

55 Thus, the integration values for the standard data 
have been stored in the memory 508, and are 
outputted, as the standard data SD2, to the compari- 
son circuit 505. 
In the total data processing circuit 506, the total 

60 data such as correlation data are obtained from the 
data of the integrator. The total data thus obtained 
are applied through the contact a of the switch circuit 
515 to the memory 508, where the data are stored as 
the standard total data and is applied, as the 

65 standard total data STD3, to the total data compari- 



son circuit 512 later during the inspection period. 

The data of the standard (reference) print 1 are 
inputted in division manner, and the processed data 
thereof are successively stored in the memory 31 0 
70 (spectral characteristic), the memory 421 (differen- 
tiation characteristic) and the memory 5058 (integra- 
tion characteristic), and when the data of all the 
picture elements have been processed, the standard 
total data are stored in the memories 310, 421 and 
75 508, whereupon the armatures of the switch circuits 
306, 316, 420, 433, 504 and 515 are tripped from the 
contact a over to the contact b automatical ly or by 
the operator. 
Similarly as in the standard (reference) print, the 
80 data of the print to be inspected are optically 
inputted in division manner. In this operation, the 
strobe signal of the A-D converter 305 is applied to 
the integrator resetting circuit 321 to carry out the 
resetting operation similarly as in the above- 
85 described case, and the output data DM is applied to 
the comparison circuit 307 through the contact/? of 
the switch circuit 306, and to the total data proces- 
sing circuit 308. The difference data SB1. between the 
data DM of this time supplied by the A-D converter 
90 305 and the standard data SD1 which has been 
obtained and is supplied by the memory 310 Is 
obtained successively in the comparison circuit 307, 
and it is applied to the window comparator 31 1 . 
When the difference data SB1 is between the upper 
95 limit value UV1 and the lower limit value LV1, no 
operating signal is outputted by the window compa- 
rator 31 1 . When the difference data SB1 exceeds the 
upper limit value UV1 or the lower limit value LV1, 
I.e. when the present inspection data is detected 

100 abnormal, the window comparator 311 outputs the 
operating signal to set the flip-flop circuit 31 2, so that 
the latter 31 2 outputs the error signal ER1. Upon 
provision of the error signal ER1, the printing 
machine is stopped, or an alarm device such as an 

105 alarm buzzer or lamp is operated. 

In the total data processing circuit 308, the total 
data such as correlation data are obtained with 
respect to the present inspection data. The total data 
thus obtained are compared with the standard total 

1 10 data STD1 in the total data comparison circuit 313. 
When the present inspection data are detected 
abnormal by the window comparator 314, the error 
signal ER2 is outputted by the flip-flop circuit 315. 
In a print, a picture element is in close relation to 

115 the surrounding picture elements, and the patterns 
(such as tones) are distributed in a probability sense. 
Therefore, if the statistical data of the distribution are 
obtained in advance, then it can be determined 
according to the statistical data whether or not the 

120 print Is satisfactory. For instance, if the similarity of a 
picture element to the surrounding picture elements 
is obtained and one print surface is divided into 
some classes according to a so-called "similarity 
ratio determination method", then the dicision can 

125 be carried out with the values inherent to the classes 
and the number of classes as decision data. 

Furthermore, whether the print is satisfactory or 
not can be determined by the following method: The 
dispersion data, standard difference data and power 

1 30 spectra (obtained by subjecting the self-correlation 
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function to Fourier transformation) of a picture 
element and the surrounding picture elements there- 
of in a standard print are obtained through mathe- 
matical process with the flow of picture element data 
5 as a time function. The data of a print to be Inspected 
are obtained in the same way. Both data thus 
obtained are compared, to determine whether the 
print is satisfactory or not. The above-described 
processing and decision are carried out in the total 

10 data processing circuit 308, the total data compari- 
son circuit 31 3 and the window comparator 314, as a 
result of which, when the print is determined 
unsatisfactory, then the flip-flop circuit 31 5 outputs 
the error signal ER2. 

15 In the differentiation process detection circuit 400 
also, the count value CV of the counter 202 is applied 
through the contact b of the switch circuit 420 to the 
comparison circuits 422, 423 and 424, in which the 
count value is compared with the memory position 

20 data MPI, MP2 and MPS which have been obtained 
in advance. When the count value coincides with the 
data MP1, MP2 and MP3, the comparison circuits 422 
through 424 outputs the coincidence signals CD1 
through CD3, respectively. The coincidence signals 

25 GDI through CD3areapplied to the monostable 
multivibrators 425 through 427, where they are 
subjected to waveform shaping and are then applied 
to the gate circuits 41 1 through 41 3, respectively. 
The present differentiation data signals DF1 through 

30 DF3 have been applied to the gate circuits 41 1 
through 413, respectively. Accordingly, it is deter- 
mined whether or not the coincidence signals GDI 
through GD3 coincide with the present differentia- 
tion data signals DF1 through DF3. When the 

35 coincidences are not obtained, it is determined that 
the print is locally unsatisfactory, and the gate 
circuits 41 1 through 41 3 outputs the signals to set 
the flip-flop circuits 415 through 417, so that the 
error signals ER3 through ER5 are outputted by the 

40 flip-flop circuits 415 through 417, respectively. Simi- 
larly as in the above-described case, the total data 
PTD of the present inspection is obtained in the total 
data processing circuit 430. The total data PTD is 
compared with the standard total data STD2 in the 

45 total data comparison circuit. When the print is 
detected unsatisfactory by the window comparator 
431 , the flip-flop circuit 432 outputs the error signal 
ER6. Thus, the defects or unsatisfactory tones over 
the entire print can be detected. 

50 In the integration process detection circuit 500, the 
integration signal IT outputted by the A-D converter 
503 is applied to the integrator resetting circuit 509, 
to carry out the resetting operations similarly as in 
the above-described case, and the integration signal 

55 IT is applied through the contacts of the switch 
circuit 504 to the comparison circuit 505 and the total 
data processing circuit 506. The difference data SB2 
between the present data IT from the A-D converter 
503 and the standard data SD2 from the memory 508 

60 is successively obtained in the comparison circuit 
505, and is then applied to the window comparator 
51 0. When the difference data SB2 is between the 
upper limit value UV2 and the lower limit value LV2 
set in the window comparator 510, no operating 

65 signal is outputted by the latter 510. When the 



difference data SB2 exceeds the upper limit value 
UV2 or the lower limit value LV2, i.e. when the 
present inspection data is determined unsatisfac- 
tory, the operating signal is outputted by the win- 
70 down comparator 51 0 to set the flip-flop circuit 51 1 , 
as a result of which the error signal ER7 is outputted 
by the latter 51 1 . On the other hand, similarly as in 
the above-described case, the decision is carried out 
by the total data processing circuit 506, the total data 
75 comparison circuit 51 2 and the window comparator 
51 3. When the print is determined unsatisfactory, the 
flip-flop circuit 514 outputs the error signal ER8. 

As is clear from the above description, when the 
print is determined unsatisfactory by the print 
80 inspecting device according to the invention, the 
error signals ER1 through ER8 are outputted. 
Accordingly, by using the error signals, it can be 
carried out to operate a lamp or a buzzer to inform 
the occurrence of an unsatisfactory print or to stop 
85 the operations of the printing machine and the 
rewinding machine. Furthermore, in the case of a 
sheet-feed press of sheet delivery type or a rotary 
press of sheet delivery type, the satisfactory prints 
can be separated from the unsatisfactory prints so 
90 that the satisfactory and unsatisfactory prints are 
delivered to different positions, or only the unsatis- 
factory prints can be automatically removed. In the 
case of a web rotary press, it is impossible to remove 
only the unsatisfactory print portions. However, in 
95 this case, a sheet or tape can be inserted into the 
portion of the web where the print is unsatisfactory, 
or the portion can be sprayed or coated with a 
magnetic or heat-sensitive paint or punched, or the 
edge of the portion can be cut, so that after the web 

100 has been printed, the printing corresponding to the 
portion is conducted again. 

As is apparent from the above description, in the 
print inspecting device, the entire area of the pattern 
on a print is inspected. Accordingly, it is unnecessary 

105 to provide special tone marks or color patches, and 
therefore it is unnecessary to provide margins for 
such tone marks or color patches. No matter what 
portion of a print is unsatisfactory, the unsatisfactory 
print can be positively detected. Furthermore, the 

110 input head assembly is in the multichannel arrange- 
ment according to the invention, and the input* 
region of each head is so shaped that it is large in the 
widthwise direction and small in the print movement 
direction. Therefore, a large area print moving*at 

115 high speed can be inspected accurately in realtime 
mode. Especially, the picture elements are longer in 
the widthwise direction in the invention, and there- 
fore the number of multi-channel input heads can be 
reduced, the fluctuations in characteristic of the 

1 20 detecting heads can be adjusted with ease, and the 
maintenance can be achieved readily. Since the 
picture elements are shorter in the print movement 
direction, the differentiation process detection effi- 
ciency can be improved, thus increasing the accura- 

125 cy in detecting defects in a print which are consider- 
ably small in size like spots. 

In addition, in the print inspecting device accord- 
ing to the invention, the density level and spectral 
characteristic data are obtained from a print to be 

130 inspected and are utilized in combination in the 
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signal processing operation, and therefore the un- 
satisfactory-print detecting performance can be im- 
proved without making the device intricate. For 
instance, the drawback accompanying the conven- 
5 tional print inspecting device that, where a print has 
a portion unsatisfactory in hue, the defect cannot be 
detected because it is at the same density level, can 
be eliminated according to the invention. Moreover, 
as the differentiation process and the integration 

10 process are employed in combination in the signal 
processing operation, a very small defective portion 
in a print or a defect covering a larger area or the 
entire area of a print can be detected with high 
accuracy. Thus, all the defects in a print which 

15 attribute to printing, such as for instance the absence 
of color (in a part or the whole of a print), non- 
uniform color, tone shift, stains due to ink or oil and 
reslster {front gauge and side gauge) can be de- 
tected according to the invention. As the decision as 

20 to whether or not the print is satisfactory is carried 
out by using the standard data, even the tone which 
changes gradually can be detected when the change 
exceeds the predetermined reference value, and a 
very small defective portion of the print can be 

25 positively detected. 

With the device of the invention, the quality of 
prints which is heretofore inspected visually can be 
inspected automatically, which contributes to the 
labor saving. In addition, according to the invention, 

30 the print inspection range can be increased to the 
prints which could not be inspected because of the 
shortage of workers. 

Since the picture element position data detected in 
the differentiation process are employed as the 

35 reference data in the decision of the acceptability of 
prints, the amount of information to be stored in the 
memories can be small, which results in a reduction 
of the number of memories and a compact circuit 
arrangement in the device of the invention. 

40 Furthermore, in the Invention, the process of 
converting analog data to digital data is unneces- 
sary; that is, it is unnecessary to use A-D converters 
which heretofore make the signal processing speed 
low. Accordingly, high response speed (real time 

45 process) is obtained in the invention. 

Ifi subjecting the integration data of the blocks to 
analog-to-digital conversion, the analog-to-digital 
conversion timing is shifted for every block, i.e. 
{different conversion timing is employed for diffe- 

50 rent blocks), and therefore only one A-D converter 
can be used commonly for the ana log -to-digital 
conversions of the integration data of the different 
blocks, which contributes to the provision of a 
compact circuit arrangement. This is economically 

55 advantageous. 

As a plurality of integrators are employed, all the 
area of a print can be inspected, and accordingly no 
matter what portion of a print is defective, the defect 
can be positively detected. 

60 In the above-described embodiment of the inven- 
tion, three threshold setting units are provided in the 
differentiation detection circuit; however, it is ob- 
vious that the number of threshold setting units can 
be changed as the case may be. Furthermore, in the 

65 above-described embodiment, the light emitting and 



receiving unit is so designed that It is one unit and It 
receives light reflected from a print; however, it may 
be so modified that it is divided into a light emitting 
section and a light receiving section and It receives 
70 light passed through a print. 

CLAIMS 

1. A print inspecting device comprising: 

75 optical detecting means having a plurality of light 
emitting and receiving units for obtaining image 
data from the entire pattern-area on a print; and 

a spectral characteristic inspecting circuit for pro- 
cessing pairs of detections signals outputted by light 

80 receiving elements In said optical detecting means, 
to inspect said print according to spectral character- 
istic thereof. 

2. A print inspecting device comprising: 
optical detecting means having a plurality of light 

85 emitting and receiving units for obtaining image 
data from the entire pattern area on a print; and 

a density level inspecting circuit for differential 
and integral detection signals outputted by light 
receiving elements in said optical detecting means, 

90 to inspect said print according to density levels 
thereof. 

3. A print Inspecting device comprising: 
differential process means for processing through 

differential image data from the entire print area; 
95 memory means for storing standard-print differen- 
tial process data provided by said differential pro- 
cess means; and 

comparison means for comparing the present data 
provided by said differential process means with 
100 said standard data stored in said memory means, an 
output of said comparison means being utilized to 
determine whether or not said print is satisfactory. 

4. A device as claimed in claim 3, in which said 
standard data is position data as to said print. 

105 5. A detecting head in a print inspecting device 
obtaining Image data from the entire pattern area In 
a print to Inspect whether or not said print is 
satisfactory, which comprises: 
a plurality of light emitting and receiving units 

110 arranged in one unit and in one straight line 

perpendicular to the movement direction of said 
print, for obtaining multi-channel image data in the 
picture elements longer In the widthwise direction of 
said print from the inspection surface of said print. 

115 6. A detecting head as claimed in claim 5, in 
which a light receiving unit in each of said light 
emitting and receiving unit comprises a slit and a 
cylinder lens by which a photoelectric conversion 
section receives light in a point or circular in section. 

120 7. A print inspecting device comprising: 

integral process means for processing through 
integral image data from the entire print area for 
every block consisting of a predetermined number of 
picture element; 

125 memory means for storing standard-print integral 
process data provided by said integral process 
means; and 

comparison means for comparing the present data 
provided by said Integral process means with said 
130 standard data stored in said memory means. 
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an output of said comparison means being utilized 
to determine wiiether or not said print is satisfactory. 

8. A device as claimed in claim 1 , in which said 
integral process means comprises: 
5 a plurality of integrators; 

a multiplexer for successively switching outputs of 
said integrators; and 

an analog-to-digital converter for converting an 
output of said multiplexer into a digital signal. 
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